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48 Dr. A. Elsass on a new 
while (ii.) becomes 
T x ABC--area ABC(OG+x) n.  (iv.) 
The method here shown of considering separately the 
equilibrium first of vertical and then of horizontal forces is 
equally applicable to sessile drops and to portions of liquid 
raised by adhesion to a has% and brings out very clearly 
many results which have hitherto usually been obtained as 
special cases by rather complicated processes of integration. 
Clifton College, Oct. 27, 1884. 
V. On a new Form of Monoclwrd. 
By  Dr. A. ELs~.ss of ~Ic~rburg*. 
T HE monochord has been employed from time immemorial to demonstrate the laws of transverse vibrations. It is used 
to show that, in producing its fundamental note, a siring 
vibrates in its whole length, but that, in producing the higher 
partial tones, nodes are ibrmed ; and by its means the law of 
Mersenne can be demonstrated~ according to which the fun- 
damental note of a string depends upon its length, its tension~ 
and its mass. In recent times Melde's apparatus has also 
been employed to show the mode of vibration of the string, 
,~ hich by its means may be made evident o a large audience. 
The essential parts of this apparatus are a tuning-fork and 
a stretched yielding thread~ one end of which is attached to the 
tuning-fork. If the tuning-fork is made to sound, its vibra- 
tory motion induces a transversal vibration of the thread, 
both when the motion of the tuning-fork takes place at right 
angles to the thread and when it takes place in the direction 
of its length and the magnitude of the vibrations of the 
thread is so great that they can be observed from some dis- 
tance off'. The present communication describes a new form 
of vibration-apparatus which combines the advantages of the 
monochord and of Melde's apparatus. 
In Melde's apparatus the thread is made to assume different 
forms of vibration by altering its tension~ and with it the ratio 
of its oscillation-period to that of the body which produces the 
motion; but the oscillation-period itself, which depends upon 
the period of the exciting body, is not subject o variation. 
In the arrangement to be described, however, all variations 
can be obtained with the same thread by altering the period 
of the exciting body, so that the law connecting the normal 
* Tr~nsla~ect from the, Zeitschrift f ir lnstrumentenku~de for October 
1884~ from a separate impression communicated by the Author. 
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Form of Monoclwrd. 49 
vibration-form of the thread and the period of corresponding 
number of vibrations can be at once exhibited. 
The problem, how to excite a thread to vibration by an 
external periodic action the period of which can be varied at 
pleasure, can only be solved by employing a motion of rotation 
to excite the vibration. If one end of the thread is to be used 
as the exciting-point, then, in order that the external motion 
shall take place at right angles to the thread, this point must be 
fastened in such a way that it cannot be displaced in the direc- 
tion of the thread, but is capable of motion at right angles to 
it. This is nearly the case if the thread is attached to a rigid 
lever capable of motion, without much friction, on fixed points 
round an axis at right angles to the thread. If, then, by 
means of a revohdng toothed wheel or some similar arrange° 
ment, periodical impulses can be given, this arrangement will 
render possible the solution of the problem proposed. 
As far as the nature of the vibrations of the thread thus 
produced is concerned, it is clear that stationary vibrations 
of the thread can only take place when the period of the 
external motion stands in some simple ratio to the period of a 
component of the natural vibrations of the thread--if, at least, 
we make the assumption that the lever comes into contact with 
the rotating body only during an indefinitely small time in 
each impulse. 
We see at once that the vibrations of a thread of which one 
end is not fixed but takes part in the vibration cannot ake 
place in the same manner as the free vibrations of a thread of 
which both ends are fixed. The mathematical theory, how- 
ever, which I intend to give in another place, shows that the 
difference between the form of the constrained vibrations with 
which we are concerned and that of the free vibrations of the 
thread is only of small amount. In the constrained vibrations 
the thread swings without true nodes~ i. e. points which are 
absolutely at rest ; but instead it has apparent nodes which 
are points of minimum amplitude of vibration, and the moving 
end of the thread itself is such a node of minimum amplitude. 
This remark, of course, holds good only upon the assumption 
that the end of the thread attached to he lever makes only 
very small excursions. 
It is easy to take account of the relation which must exist 
between the period of the external excitation and the period 
of the vibrations of the thread. Let us Fig. 1. 
imagine that the oscillations of a pendulum 
are maintained by periodical blows, taking ................. 
place always in the same direction. Let " - -~  
a and b (fig. 1) denote the limiting positions 
_P]~il. Mag. S. 5. Vol. 19. No. 116. Jan. 1885. E 
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50 Dr. A. Elsass on a new 
of the bob of a pendulum; then it is only necessary each time 
that it comes into the position a to give it a blow in the direc- 
tion ab. The motion will be sustained if the period T of the 
excitation is equal to the period of the oscillation. We see, 
however, that the motion of the pendulum may also be sus- 
tained by impulses of the periods 2T, 3T, &c. ; for if the 
pendulum-bob is at a at the times 0, T, 2T, 3T, &e., it is suffi- 
cient that it should receive an impulse in the direction ab at 
the instants T, 3T, 5T in order to replace the energy lost 
by friction. It is seen, however, that the amplitude of the 
pendulum-oscillations will be greatest for equality of periods~ 
if the impulses are in all cases of equal intensity. 
From these considerations we should expect hat, in the 
constrained vibrations of the thread, the ruth partial vibration 
whose period T~= 1 T1 is equal to the mth part of the period 
m 
of the fundamental vibration, would appear if the period (T) 
of the. excitation, is equal to Tin, 2Tin, 3T~, &c. The phenomena 
of osclllatlon~ however, are not so complicated with the appa- 
ratus here described as might appear from this. A small wheel 
is fixed somewhat excentrically upon the axis of the siren 
(fig. 2) (the exccntricity amounts to about 0"5 millim.), and 
to the uprights carrying the wheelwork is fixed, by means of 
two screws, a support for a little bent lever, the conically- 
pointed axis of which rests in two steel screws passing through 
the support, and moves in it with 
a small amount of friction. The Fig. 2. 
wheel itself and the supports for 
the lever are of cast brass. The 
lever (as shown in fig. 2) is ca- 
pable of motionin avertical plane, 
presses with its vertical arm against 
the excentric wheel, and has its 
horizontal arm attached to the 
stretched thread, which is hori- 
zontal and at right angles to the 
axis of the lever. The tension of 
the thread retains the lever in its 
position when the siren is at rest, 
and brings it back into its position 
of rest when the siren is sounding, 
and the revolving excentric wheel 
imparts to it periodically a small 
motion. It is not neeessary~ nor 
possible with a considerable t n- 
sion of the thread, that the lever should touch the wheel 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 C
am
br
idg
e] 
at 
23
:12
 12
 Ju
ne
 20
16
 
Form of ~£onochord. 51 
in all positions; it is sufficient if the wheel comes into contact 
with the lever for a short interval of time. The degree 
of contact may also be easily regulated. At the proper dis- 
tance from the siren, and opposite to it, a wooden stand is 
placed, carrying a pulley-wheel turning very easily, such as 
the wheel of an Atwood's machine. The wheel is adjusted at 
such a height that the thread which passes over it may be 
horizontal when stretched by means of weights placed in a 
little scale-pan attached to it. I f  the friction between the 
wheel and the lever is too great in the horizontal position of 
the thread, the support carrying the pulley-wheel may be 
raised a little, so that the horizontal arm of the lever may be 
pulled up alittle and the vertical arm thus removed somewhat 
from the wheel. I f  the lever does not touch the wheel at all, 
the support must be lowered somewhat. 
When the friction has been properly regulated, the siren 
may be put into action and its note gradually raised. At first 
the motion of the thread may be followed through its separate 
phases with the eye, but when the velocity of rotation of the siren 
becomes greater there is to be observed only an uncertain trem- 
bling of the thread, and the friction of the lever on the wheel 
produces a noise ; then this suddenly ceases, and the thread is 
seen to be in stationary oscillation of the fundamental form. 
The anaplitude is considerable, and with threads of 1 metre long 
is often of three fingers' breadth, if the dimensions of the thread 
have been well chosen. As soon as the thread has settled 
down to perform its fundamental oscillation with constant 
amplitude, it is found to be very easy to maintain the velocity 
of the siren constant. Every one who has used a siren to 
determine the pitch of a note must have remarked how diffi- 
cult it is to maintain the note of a definite pitch if there is no 
arrangement for regulating the pressure of air. I must 
acknowledge that I had not expected to see this difficulty 
so easily removed ; and it is certainly a peculiar action of the 
friction between the lever and the wheel, though one easily to 
be explained*, which causes that a change in the pressure of 
the air delivered by the bellows produces only a change in the 
intensity of the note given by the siren, and not at once any 
change in the velocity of rotation--if this coincides with the 
velocity of vibration of the thread. The tone of the siren and 
the vibration of the thread can equally easily be maintained 
constant, when the velocity of rotation of the siren is increased 
* The thread performing its own proper vibration is, as it were, in a 
condition of rigidity, out o~whieh itilnot easily brought (unless its mass 
is altogether too small), and thus acts, by means of the friction between 
the lever and the wheel, as a regulstor to the siren. 
E2 
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5"2 Dr. A. Elsass on a new 
so much that the thread shows its second, third, or fourth mode 
of vibration ; and the period of excitation becomes equal to 
±T~ 1, ~ll,lw ¼T1, where T1 denotes the period of the fundamental 
vibration of the thread. According to theory, a definite form 
of vibration of the thread must make its appearance when the 
time of rotation of the siren T=2T,~, 3Tin, &c. ; so that, for 
example, if T=~TI=3T4,  the thread vibrates in four half- 
waves, and for T---~TI= 2T3 the thread shows its third form 
of vibration. The velocity of rotation of the siren can be 
maintained constant without trouble only when the period of 
excitation is equal to that of ~he vibration of the thread ; and 
if a vibration of the thread belonging to some other ratio f 
periods shows itself for a moment, it does not produce any 
perceptible disturbance. It is precisely this peculiarity--that 
the vibrations of the thread can be maintained without change 
only when the periods are equal--that renders this form of 
apparatus so suitable for the demonstration f the laws of the 
vibrations of threads. 
We may now give some examples of the use of the 
apparatus. 
In order to show that the numbers of vibrations of the over- 
tones of a thread are in the ratio of the natural numbers, it is 
only necessary to count the revolutions of the siren when it 
puts a thread or a thin metallic wire into vibration with 1, 2, 
3, &c. half-waves. In Table I. I have brought together four 
series of observations, made with four different hreads each 
1 metre in length. I. denotes a cotton thread with a tension 
of 50 gr. ; I I .  bookbinders' thread with a tension of 50 gr. ; 
I I I .  a thread of button-hole silk with a tension of 9 gr. ; and 
IV. a brass wire of about 0"15 millim, diameter and 200 gr. 
tension. The number n denotes the order of the vibration 
and N the nmnber of vibrations. 
TABLE I. 
3, 
1. 
2. 
3. 
4. 
NI. :Nil. 
432 83"6 
86"6 67"1 
129'1 100"2 
...... 134'0 
t 
Nm. 
1 50'4 
! 67.0 
£-~IV. 
56"5 
112"7 
168"2 
The number of vibrations N was determined from tLree 
independent observations--by reading the dials of the siren 
every 2 minutes, adding together the numbers of revolutions, 
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Form of ~lIonochord. 53 
and dividing by 360. The numbers of' vibrations of the fol- 
lowing Tables were determined in the same way. 
It is not possible to raise the tone of the siren to any extent, 
and thus to render visible the higher partial vibrations of the 
same thread. But for lecture-experiments it will always be 
sumcient to show the ]aw of overtones for the slower vibrations; 
and if it is desired to go further than in the experiments I have 
described, it is only necessary to replace the excentric wheel 
by an elliptical wheel, or by a toothed wheel exactly centred, 
with, say, four teeth, so that for the same velocity of rotation 
the number of shocks is doubled or increased fourf01d. I have 
obtained the best results with toothed wheels of various forms, 
but think i t  more convenient so to choose the thread, its 
length and tension~ that the excentric wheel suffices for the 
experiment. 
In order to demonstrate the Law of lengths, it is advisable 
to take a longer piece of a not too thin white silk thread, 
which will be nearly the same length tbl" great differences of 
tension, and to stretch it over a measure and mark off equal 
distances with India ink. Thus, in the experiments o which 
Table II. relates, a thread of button-hole silk 2 metres long, 
and marked off into lengths of 10 centim., was attached to the 
lever of the apparatus, o that the first mark fell at the point 
of attachment~ passed over the pulley, and stretched W lth,~ 
a force of 60 gr. by weighting the scale-pan w~th shot. 
Between the siren and the upright carrying the pulley-wheel 
I placed a table, carrying a small iron support with a clamp to 
grip the thread. In the Table, l denotes the length of the 
vibrating thread and ~q the number of oscillations for the 
fundamental note. 
TABLE II. 
J l. 
54"0 
49 0 
45"1 
41 '8 
38 "4 
1 
1"10 
1"18 
1 '29 
1'41 
L 
metre 
1 "00 
0'90 
0"80 
0'70 
i 0.60 
54"0 
59 "8 J 
67"8 
77"3 
90"7 
1 
0"90 
0"79 
0'70 
0"59 
We have therefore N1 : ]qn=ln : 11; the deviations from the 
law which the table shows are within the limits of experimental 
errors. 
Thirdly, in order to show that, with threads of the same 
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54 On a new Form of Monochord. 
material and of the same length, the number of oscillations 
is proportional to the square root of the tension, a thread of 
the same silk used in the last experiment and 1 metre long 
was subjected to various tensions. The tension to begin with 
was 9 gr., obtained by weighting a small pill-box with shot, 
and the higher tensions were obtained by adding weights. In 
Table I I I . ,  P denotes the load, N the number of oscillations for 
the fundamental note; the second and third columns show 
that ~=p~l : ~-1-1 • 
TABLE I I I .  
P. 
gr. 
9 
16 
25 
36 
3 V~ 3~ 3T. NI" 
17"2 3 
23'4 4'08 
29"4 5"12 
34"1 5"98 
P. 
gr. 
49 
64 
81 
v~ 3~.  3~. 1~. N1 
40'8 7'04 
46"2 8'02 
51"1 8'97 
In order to show that the vibration-numbers of threads of 
equal length and tension vary inversely as their masses, it is 
best to employ thin metallic wires, since they are heavier than 
threads, and consequently a small error in the weights is not 
so perceptible. The weights, p, of wires employed for the fol- 
lowing experiments were determined by weighing four metres 
of each wire ; after being weighed a length of 1"20 metre was 
cut off and stretched between the siren and the pulley-wheel, 
so that the length of the vibrating portion was 1 metre ; the 
tension (200 gr.) was chosen so great that the portion of the 
wire depending from the pulley-wheel did not need to be 
taken into account. 
TABLE IV. 
Material. 
German-silver .. 
]3rass ............... 
Iron 
gr° 
0"660 
1"604 
2'212 
Tn 
1 
0"641 
0"545 
N. 
90"5 
57"2 
50'6 
:N 1" 
1 
0"63 
0"56 
After this description of the demonstration f Mersenne's 
laws by means of this apparatus, it will not be necessary to 
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On Atomic Arrangement in Compounds. 55 
say more of the advantages which it offers to the demonstrator 
of physics. It is, however, perhaps not superfluous toremark, 
that the apparatus is so little costly that any institution at 
which instruction in physics is given may he able to obtain it. 
A bellows and wind-chest for organ-pipes and a siren belong 
to the necessary apparatus of instruction in acoustics ; we 
require in addition only a small piece of apparatus which may 
easily be fitted to any siren. The lever arrangement must, 
however, be well made, so as to avoid disturbing noises, which 
might easily be produced by the friction of the lever against 
the revolving wheel. 
The apparatus for my own experiments was made by the 
University apparatus-maker~ Herr Engel~ of Marburg. 
VI. The Influence of Atomic Arrangement on the -Physical 
P~operties of Compounds. ~y W. iN. HAR~rLEY, T~R.S.~ 
1Professor of Chemistry~, Royal College of Science, .Dublin*. 
I I~ the Philosophical Magazine for March 1882, Dr. Carnelley states that Professor Julius Thomsen, of Co- 
penhagen, has concluded from the heat of combustion of 
benzene that the six carbon-atoms in the compound "are 
not bound by three double and three single linkings~ thus, 
I 
C 
--C//  NO__  
I II 
- -C C--  
1 
but by nine single linkings, thus :-- 
/ \  
- -HC Ctt 
I I 
- - t IC CH--  
I 
Bruhl, however, as we shall see presently, concludes from the 
* Communicated by the Author. 
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